A Gram-stain-positive, facultatively anaerobic, thermophilic bacterium, designated ZQ18-1 T , was isolated from a high temperature daqu sample collected from the sesame-flavour liquormaking process. Oval endospores were formed at the centre of cells with swollen sporangia. The isolate was able to grow at temperatures of 20-60 C (optimum growth at 50 C), at pH 4-9 (optimum growth at pH 8) and in the presence of 0-10 % (w/v) NaCl (optimum growth with 2 % NaCl). Glucose and galactose were major cell-wall sugars, and meso-diaminopimelic acid was the diagnostic amino acid. The major polar lipids consisted of phosphatidylglycerol, diphosphatidylglycerol and three glycolipids. The major cellular fatty acids were anteiso-C 17 : 0 and iso-C 16 : 0 , and the predominant menaquinone was MK-7. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain ZQ18-1 T was most closely related to 
, Pullulanibacillus naganoensis ATCC 53909 T , Pullulanibacillus uraniitolerans UG-2 T , Sporolactobacillus terrae DSM 11697 T and Sporolactobacillus inulinus NRIC 1133 T . Strain ZQ18-1 T showed low DNA-DNA relatedness (40.7, 23.1, 46.5, 27.2, 45.6, 33.7 and 55.1 %) with the strains mentioned above. Based on morphological characteristics, chemotaxonomic characteristics, DNA-DNA hybridization data and physiological properties, strain ZQ18-1 T represents a novel species of the genus Scopulibacillus, for which the name Scopulibacillus daqui sp. nov. is proposed. The type strain is Scopulibacillus daqui ZQ18-1 T (=DSM   28236  T =CICC 10824   T ). An emended description of the genus Scopulibacillus is provided.
The family Sporolactobacillaceae of the order Bacillales contains the genera Sporolactobacillus (Kitahara & Suzuki, 1963) , Pullulanibacillus (Hatayama et al., 2006) and Tuberibacillus (Hatayama et al., 2006) . A novel genus of family Sporolactobacillaceae designated Scopulibacillus was described and established by Lee & Lee (2009) . The names of this genus and the type species Scopulibacillus darangshiensis were validly published recently (Oren & Garrity, 2016) . Cells of members of the genus Scopulibacillus are aerobic, non-motile, Gram-stain-positive rods, oxidasenegative and catalase-positive. Oval-shaped, subterminal endospores are formed. The major menaquinone is MK-7 and the polar lipid profile consists of diphosphatidylglycerol and phosphatidylglycerol.
Daqu is a saccharifying and fermenting agent, having a significant impact on the flavour of the Chinese liquor (Zheng et al., 2011) . Daqu can not only provide various microorganisms and enzymes produced from these microbes for liquor fermentation, but can also supply substrate complexes for aroma and flavour including furan, pyran, pyraxine and aldehyde flavour substances, and its quality is directly related to the production and quality of sesame-flavour liquor (Xiu et al., 2012; Zhang et al., 2012) . High temperature daqu is fermented through high-temperature solid-state fermentation with wheat as raw material. The maximum temperature for making daqu is up to 65 C. During the course of investigating microbial communities of high-temperature daqu, a Gram-stain-positive, aerobic, thermophilic bacterium, designated ZQ18-1 T was obtained and appeared to represent a novel species. Here, morphological characteristics, physiological properties, chemotaxonomic characteristics and genotypic characteristics of the novel isolate are presented.
The sample for bacterial isolation was obtained from hightemperature daqu of sesame-flavour liquor in Bandaojing Co. Ltd., Shandong province of China. Ten grams daqu sample was suspended in 90 ml sterile water and mixed at 50 C for 30 min. The suspension was diluted to 1 : 10, and 100 µl was then spread onto the surface of R 2 A agar plates (Hopebiol) incubated at 50 C for 24 h. Strain ZQ18-1 T was isolated from R 2 A agar and purified by streaking twice. The ingredients of R 2 A agar medium were 0.025 % tryptone, 0.05 % casamino acids, 0.05 % soluble starch, 0.03 % KH 2 PO 4 , 0.01 % MgSO 4 , 0.03 % sodium pyruvate, 0.025 % peptone, 0.05 % glucose and 2 % agar (pH 7.2). In addition, strain 18F-2 (=CICC 10825=DSM 28235), 18R-2 (=CICC 10826=DSM 28233) and 18R-4 (=CICC 10827=DSM 28234) were also isolated from high-temperature daqu samples of different culturing phases by the serial dilution and coating method.
Genomic DNA extraction and PCR amplification of the 16S rRNA gene of strain ZQ18-1 T were performed as described by Li et al. (2007) using universal primers 27F and 1541R. The 16S rRNA gene sequence of strain ZQ18-1 T and those of other reference strains were retrieved from Ezbiocloud and aligned using the program CLUSTAL X v1.8 (Thompson et al., 1997) . Phylogenetic analysis was performed the using neighbour-joining algorithm (Saitou & Nei, 1987) (Fig. 1) , maximum-likelihood method (Felsenstein, 1981) and maximum-parsimony method (Eck & Dayhoff, 1966; Fitch, 1971 ) (FigS1 and S2, available in the online Supplementary Material). The tree topology was evaluated using bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings. DNA-DNA hybridization experiments were carried out between strain ZQ18-1 T and reference type strains using the method described by De Ley et al. (1970) with a Beckman DU 800 spectrophotometer. DNA G+C content was determined by the HPLC method (Mesbah et al., 1989) using Escherichia coli DH5a DNA as the calibration standard.
Cell morphology was observed under a light microscope (Olympus BH-2) and by transmission electron microscopy (TEM, JEM-1400) with cells grown for 24 h at 50 C. The preparation of bacterial cells for TEM was as described by Wu et al. (2011) . Gram staining was performed as described by Gerhardt et al. (1994) , in parallel with the KOH lysis method (Gregersen, 1978) . Endospores were observed after cells were cultured on R 2 A agar for 48 h. Anaerobic cultivation was performed in R 2 A broth medium using the Oxoid AnaeroGen system. The R 2 A broth with the inoculation of 1 % overnight culture of strain ZQ18-1 T was laid in the Oxoid AnaeroGen system with an anaerobic bag (Mitsubishi Gas Chemical). Motility was tested by the hangingdrop technique according to the manufacturer (Beijing Land Bridge Technology M040). Salt requirement for growth was tested by using R 2 A medium with varied NaCl concentrations ranging from 0 to 20 % (w/v) with increments of 5 % at 50
C for 48 h. Then, NaCl concentrations ranging from 0 to 10 % (w/v) with increments of 2 % were used to determine the optimum NaCl requirement. The pH range for growth was tested at intervals of one pH unit in R 2 A medium. The different pH values were adjusted with sodium acetate buffer, phosphate buffer, Tris/HCl buffer and carbonate buffer, respectively. Growth at different temperatures (4, 10, 20, 30, 37, 40, 50, 55, 60 and 65 C) was determined in R 2 A broth for 48 h. General physiological and biochemical tests were performed according to previously described methods (Smibert & Krieg , 1981) . Acid production from carbon sources was tested by using the API 50CHB strip according to the manufacturer's instructions (BioM erieux Preparation of the cell wall and determination of peptidoglycan composition were performed as described by Hasegawa et al. (1983) with the modification that TLC on cellulose sheets was used instead of paper chromatography.
Respiratory quinones of strain ZQ18-1 T were extracted with chloroform/methanol (2 : 1, v/v) from dried cells and purified on TLC plates (Collins et al., 1977) . The purified contents were analysed by reverse-phase HPLC (Groth et al., 1996) . Cells of the same physiological age (exponential growth phase) were used to test fatty acids composition. Cellular lipids were extracted and converted to fatty acid methyl esters (FAMEs). FAMEs were analysed with GC (Agilent Technologies 6850) and identified using the RTSBA 6.0 database of the Microbial Identification System. Polar lipids were extracted with chloroform/methanol (1 : 2, v/v) and identified by two-dimensional TLC followed by spraying with the appropriate detection reagents (Romano et al., 2001 T (93.76 %). And similar results were detected between strain 18F-2, 18R-2, 18R-4 and these reference strains. The phylogenetic trees indicated clearly that strain ZQ18-1 T was more closely related to Scopulibacillus darangshiensis than to other species of related genera of the family Sporolactobacillaceae. In addition, phylogenetic analysis also indicated that members of the family Sporolactobacillaceae are clearly identified among members of other related families including those of the family Bacillaceae.
DNA-DNA hybridization relatedness values between strain ZQ18-1 T and strains 18F-2, 18R-2 and 18R-4 were 97.5 , 97.7 and 96.7 %, respectively, indicating that these strains belonged to different intraspecies of the same species. And the results of DNA-DNA hybridization indicated low levels of reassociation between strain ZQ18-1 T and its closest phylogenetic neighbours Scopulibacillus darangshiensis DLS-06 T (40.7 %), P. pueri (23.1 %), T. calidus 607 T (46.5 %), P. naganoensis ATCC 53909 T (27.2 %), P. uraniitolerans UG-2 T (45.6 %), Sporolactobacillus terrae DSM 11697 T (33.7 %) and Sporolactobacillus inulinus NRIC 1133 T (55.1 %). The values are clearly below the 70 % cut-off value recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . The DNA G+C content of strain ZQ18-1 T was 40.5 mol%.
Cells of strain ZQ18-1 T were facultatively anaerobic, Gramstain-positive rods (0.7Â1.4-2.3 µm) and formed oval endospores at the centre of cells with swollen sporangia (Fig. S3 ). Colonies were white in colour and round with irregular margins on R 2 A agar plates. Growth occurred at 20-60 C (optimum 50 C), at pH 4-9 (optimum pH 8) and at NaCl concentrations of 0-10 % (optimum 2 % NaCl). Strain ZQ18-1 T was positive for catalase, gelatin liquefaction, nitrate reduction and citrate utilization, but negative for oxidase, H 2 S production, indole production, VogesProskauer test, urease, lecithinase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan decarboxylase, and hydrolysis of casein, starch, chitin, CMcellulose, tyrosine, xanthine and hypoxanthine. Acids were produced from glycerol, L-arabinose, D-ribose, D-glucose, D-fructose, D-mannose, L-sorbose, N-acetylglucosamine, aesculin, trehalose and D-tagatose. The phenotypic characteristics of strain ZQ18-1 T and the reference strains are listed in Table 1 .
Chemotaxonomic analyses indicated that strain ZQ18-1 T contained meso-diaminopimelic acid as a diagnostic amino acid, and the major cell-wall sugars were glucose and galactose. The menaquinone was MK-7 (100 %), similar to the reference strains. The phospholipids comprised diphosphatidylglycerol, phosphatidylglycerol, three glycolipids and some unknown lipids (Fig. S4) . The major fatty acids of strain ZQ18-1 T were anteiso-C 17 : 0 (34.6 %) and iso-C 16 : 0 (25.64 %), and fatty acid profiles of strain ZQ18-1 T and closely related reference strains are shown in Table S1 . Therefore, based on the different chemotaxonomic characteristics and physiological properties, we propose that strain ZQ18-1 T represents a novel species of the genus Scopulibacillus, for which the name Scopulibacillus daqui sp. nov. is proposed.
Emended description of the genus Scopulibacillus
Characteristics are as given for the description of the genus by Lee & Lee (2009) The tree was based on an alignment of almost-complete 16S rRNA gene sequences and reconstructed using the neighbourjoining method (Saitou & Nei, 1987) . The phylogenetic tree was produced following the bootstrap sampling of 1000 datasets. The numbers at the nodes indicate the percentages of bootstrap support based on neighbour-joining analysis of 1000 resampled datasets. Bar, 0.01 substitutions per nucleotide position. pH range for growth 4-9 4-9 3-9 3-9 6-9 5-7 4-6 3-6 4-8 6-8 4-8 Optimum pH for growth Gas from glucose fermentation
citrate utilization. Negative for oxidase, H 2 S production, indole production, Voges-Proskauer test, DNase, urease, lecithinase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan decarboxylase and hydrolysis of casein, starch, chitin, CM-cellulose, tyrosine, xanthine and hypoxanthine. The major fatty acid is anteiso-C 17 : 0 , and the major menaquinone is MK-7. Diphosphatidylglycerol and phosphatidylglycerol are the predominant polar lipids. The G+C content of the DNA is 40.5-50.8 mol%.
Description of Scopulibacillus daqui sp. nov.
Scopulibacillus daqui (da¢qu.i. N.L. gen. n. daqui of daqu, a traditional fermented food).
Cells are facultatively anaerobic, non-motile, Gram-stainpositive rods (0.7Â1.4-2.3 µm) and form oval endospores at the centre of cells with swollen sporangia. Colonies are white in colour and round with irregular margins on R 2 A agar plates. Growth occurs at 20-60 C (optimum 50 C), at pH 4-9 (optimum pH 8) and at NaCl concentrations of 0-10 % (optimum 2 % NaCl). Positive for catalase, gelatin liquefaction, nitrate reduction and citrate utilization, but negative for oxidase, H 2 S production, indole production, Voges-Proskauer test, urease, lecithinase, lysine decarboxylase, ornithine decarboxylase, tryptophan decarboxylase, arginine dihydrolase, and hydrolysis of casein, starch, chitin, CM-cellulose, tyrosine, xanthine and hypoxanthine. Acids are produced from glycerol, L-arabinose, D-ribose, D-glucose, D-fructose, D-mannose, L-sorbose, N-acetylglucosamine, aesculin, trehalose and D-tagatose. The diagnostic amino acid is meso-diaminopimelic acid, and the major cell-wall sugars are glucose and galactose. The major polar lipids consist of phosphatidylglycerol, diphosphatidylglycerol and three glycolipids, and the major cellular fatty acids are anteiso-C 17 : 0 and iso-C 16 : 0 . The menaquinone is MK-7.
The type strain is Scopulibacillus daqui ZQ18-1 T (=DSM 28236 T =CICC 10824 T ), isolated from high-temperatue daqu of sesame-flavour liquor in Bandaojing Co. Ltd., Shandong province, PR China. The DNA G+C content of the type strain is 40.5 mol%.
